The aim of this study was to determine hypertension awareness, treatment and control, as well as to carry out regular blood pressure (BP) screening and monitoring, in a multi-ethnic urban low-socioeconomic status (SES) Asian community; and to compare these estimates with those of a higher-SES community in the same geographic location. We studied a neighborhood of three blocks of rented public flats (lower-SES community) and three adjacent blocks of owner-occupied public flats (higher-SES community) in Taman Jurong, Singapore. BP was measured, and demographic details and reasons for irregular BP screening, monitoring and treatment were collected from 2009 to 2010. Logistic regression was used to determine predictors of hypertension management. Participation was 90.0% (359/400) for the rental flat community and 70.2% (351/500) for the owner-occupied flats. Prevalence, awareness, treatment and control in the low-SES community (rental flats) were 63.9% (228/357), 61.8% (141/228), 69.5% (98/141) and 43.9% (43/98), respectively, whereas in the neighboring community these were 65.0% (228/351), 83.3% (190/228), 85.3% (162/190) and 66.0% (107/162), respectively. Adjusting for other sociodemographic variables, awareness, treatment and control were poorer in the low-SES community. In the low-SES community, awareness was higher among diabetics, dyslipidemics, those X60 years and those with regular access to doctors. Treatment was more likely among those X60 years, but less likely among those needing financial aid. Control was less likely in the employed. High cost of screening and treatment, if diagnosed, was the most frequently cited barrier among the low-SES group. Hypertension management in those of lower SES is poorer than in those of higher SES. For the lower-SES population, financial barriers need to be addressed.
INTRODUCTION
Hypertension is a common chronic condition, but treatment and control generally remain poor. 1, 2 Hypertension is more widespread in urban populations, 3, 4 which is significant in Asia considering the trend of rapid urbanization. In Western societies, deprived urban areas have a significant burden of undiagnosed hypertension and poor control, 5, 6 with low levels of control associated with poor access to care, 7 especially among the elderly. 8 A similar situation exists in Latin American cities. 9, 10 However, with regard to Asian communities, although studies have focused on urban [11] [12] [13] and, in particular, elderly populations, 14 few studies have exclusively focused on the challenge of managing hypertension in low-income urban Asian communities.
Investigation of factors influencing the awareness, treatment and control of hypertension in low-income urban settings is thus of value in formulating strategies to manage hypertension in these communities, which face unique challenges in the management of chronic disease. 15 A person's health is determined both by his or her social position and the socioeconomic characteristics of the area in which he or she lives. 16, 17 Two models can potentially explain how neighborhood-level conditions and individuals' socioeconomic circumstances interact with health: the 'local social inequality' and the 'collective resources' models. 18, 19 In the 'collective resources model' , people living in areas with more resources utilize these resources to enjoy better health; whereas in the 'local social inequality model' , disparities between individuals' socioeconomic position and the socioeconomic conditions of their local area interact to influence health. 18 Studies in Western populations have shown that low individual socioeconomic status (SES), 20, 21 as well as area-specific measures of SES, 5, 22 independently affect hypertension prevalence as well as cardiovascular disease risk. 23 However, studies on the interaction between neighborhoodlevel conditions, individual socioeconomic characteristics and hypertension management are lacking in the context of Asian societies.
Singapore is an example of a multi-ethnic urbanized Asian society, with Chinese, Indian and Malay populations. Although awareness, treatment and control of hypertension have been studied at the national level, 24 studies among the lower income are lacking. Similar to other Asian countries, a widening income gap exists, with a Gini coefficient of 0.478 in 2009. 25 The majority of Singaporeans (X85%) stay in public housing, and owing to government subsidies for public housing, home ownership is high (90.1%). 26 Public rental flats provide heavily subsidized housing (USD 40-50 per month) 27 for the needy, especially the elderly, 28 who have no assets and household income of oUSD 1000 per month 29 (average household income is USD 3200 per month, and 88% of those staying in rental housing earn less than USD 530 per month). 30 These blocks of public rental flats are not concentrated in lower-income enclaves but are built within the same precincts as owner-occupied public housing flats. Overall, 85% of the Singaporean population stays in similarly designed public housing estates. Residents in these rental flats, therefore, have access to similar facilities as their more well-off neighbors, including primary health-care facilities. In Singapore, primary healthcare is accessed through an extensive network of private general practitioners and public outpatient polyclinics. 31 All Singaporeans are free to utilize either group of physicians for primary care, including health screening services. In public polyclinics, although fees are subsidized, there is still a co-payment component for the individual; similarly, patients seeking treatment from private clinics for their chronic diseases (for example, hypertension, diabetes) can obtain partial subsidies through the local Ministry of Health's Primary Care Partnership Scheme. 32 Thus, given the close proximity of communities in land-scarce Singapore, if arealevel SES does have an effect on hypertension management, it is less likely to be mediated via the 'collective resources' model, as different communities utilize the same health-care facilities as they also share the same geographical location. Rather, it is more likely to be due to the 'local social inequality' model. This arrangement provided us with the opportunity to study awareness, treatment and control of hypertension in two communities of different SES living literally side-by-side.
As such, we investigated the relationship between individual measures of SES, area measures of SES (using status of home ownership, rental vs. owner-occupied as a proxy), and the prevalence, awareness, treatment and control of hypertension within one such geographically integrated Singaporean housing precinct, containing communities of both lower SES (public rental housing) and higher SES (owner-occupied public housing). We also investigated factors associated with better hypertension management within the lower-SES community (public rental housing), as well as qualitative reasons for aspects of hypertension management between the higher-and lower-SES communities. We hope that the results will be useful to those tackling the management of hypertension in similar urban low-income Asian communities.
METHODS
The study population involved all residents aged 40 years and above, living in all six blocks of a socially integrated housing precinct in Taman Jurong Constituency, Singapore. Three blocks comprised of two room heavily subsidized public rental flats (forming the lower-SES community), whereas another three blocks of three room owner-occupied public housing flats, immediately adjacent, formed the higher-SES community. The age limit was set based on the Singapore Ministry of Health's Clinical Practice Guidelines for community health screening, which recommend those aged 40 years and above to go for blood pressure (BP) screening annually. 33 From January 2009 to June 2010, trained student volunteers made at least three visits on separate days during weekends to these residents to (1) collect baseline information, such as sociodemographic information (for example, ethnicity, past medical history), individual socioeconomic indicators (education level, employment status, monthly household income, needing financial, physical or social help), and information on health screening participation rates/perceived barriers and (2) encourage the resident to have BP taken. Volunteers were trained to measure BP over 3 months by certified nursing and medical professionals. Systolic and diastolic BP was taken using mercury sphygmomanometers, with at least a 2-min interval between measurements, at least two measurements during each occasion and on two occasions. The mean value of the readings was calculated. During BP measurements, the patient was allowed to sit down for several minutes before BP was measured; patient refrained from smoking or ingesting caffeine during the 30 min preceding the measurement, and the sphygmomanometer was placed at heart level with patient in the seated position. Results were reviewed by medical professionals, and residents were informed of their results: For those with normal BP, results were notified via mail; for those with abnormal BP, residents were informed personally and follow-up sessions were arranged at public primary care clinics. We also asked residents for their reason(s) for not participating in previous BP screening/monitoring regularly and recorded their qualitative replies; if the resident was a known hypertensive, we also asked whether the resident was on regular medical treatment and if not, why. Regular screening and monitoring was defined as adhering to the frequencies recommended in the Ministry of Health's Clinical Practice Guidelines as above. We then performed thematic analysis to generate a list of reasons for nonparticipation in hypertension screening and monitoring/non-compliance with treatment for hypertension and grouped them for quantitative analysis. Ethics approval was obtained from the National University of Singapore Institutional Review Board, informed consent was sought and participation was voluntary.
Definitions
Hypertension was defined as a systolic BP X140 mm Hg or diastolic BP X90 mm Hg or participant answering 'yes' to the question 'Has a physician ever told you that you have high BP?' . Awareness of hypertension was defined as a participant answering 'yes' to the question 'Has a physician told you that you have high BP?' . Unawareness of hypertension (newly diagnosed hypertension) was defined as a participant answering 'no' to the question 'Has a physician told you that you have high BP?' and subsequently found to have systolic BP X140 mm Hg or diastolic BP X90 mm Hg during the study. Treated hypertension was defined as a participant answering 'yes' to the question 'Are you on medication from a western-trained physician for your high BP and take that medication X90% of the time?' Finally, control of hypertension was defined as being on treatment for hypertension and having an average BP reading of systolic BP p140 mm Hg and diastolic BP p90 mm Hg.
Statistical analysis
Descriptive statistics were computed for the study population. We then used backward logistic regression to determine the most parsimonious model of independent factors (including demographic factors, rental (lower area SES) vs. owner occupied (higher area SES) and individual measures of SES associated with prevalence, awareness, treatment and control of hypertension, as well as regular BP screening and monitoring, within the entire study population, using the Po0.2 on univariate analysis (w 2 -test) as cut-off for entry into multivariate models. Where there was collinearity between indicators of SES such as needing financial aid, education level, employment status and household income oS$1500 (magnitude of correlation coefficient, |r|o0.6), we chose the collinear variable with the smallest P-value on bivariate analysis for inclusion in the final multivariate model. 34 As area-level indicator of SES (rental vs. owner-occupied public housing) was the most consistent SES indicator significantly associated with awareness, treatment control, screening and monitoring of hypertension, we used the subset of the study population staying in the lower-SES (rental flats) community to examine the univariate associations between sociodemographic variables and awareness, treatment and control of hypertension, as well as regular BP screening and monitoring, using w 2 -analysis. Statistical analysis was performed using Statistical Package for Social Sciences (Version 17.0, IBM Corporation, USA), and odds ratios (ORs) and their 95% confidence intervals (CIs) are reported, and statistical significance was set at the conventional Po0.05.
RESULTS
The majority of eligible residents in our study population participated in the study (participation rate¼78.9% (710/900), based on census data). The participation rate for the lower-SES (rental flat) community was 90.0% (359/400), whereas for the higher-SES (owner-occupied flats) it was 70.2% (351/500). Participation rates were higher in the lower-SES community probably because of the availability of free BP screening. The profile of participants is detailed in Table 1 . As expected, the rental flat community was less socioeconomically advantaged, having lower household income, educational attainment and increased need for financial aid. However, those staying in owneroccupied housing had higher rates of known hypertension and dyslipidemia. There was no significant difference between the mean systolic and diastolic BP, on measurement, between the two communities. a Needing financial help was defined as being a recipient of Public Assistance or other forms of financial assistance from the local community center (grassroots organisation). b Needing physical help was defined as needing physical assistance in activities of daily living. c Needing social help was defined as being a recipient of assistance from the local Family Service Centre, voluntary welfare organizations supported by the Singaporean Ministry of Community Development, Youth and Sports to provide a range of social services to promote the well-being of families (for example, counseling services). d Presence of doctor to give advice on health-related issues was defined as seeing a Western-trained medical professional on a regular basis for advice on health-related issues (for example, diet, exercise, smoking cessation, health screening and so on).
Estimates for prevalence, awareness, treatment and control of hypertension in both communities are given in Table 2 . The overall prevalence of hypertension was 64.2% (456/710). In the lower-SES community, among hypertensive participants, 61.8% (141/228) were aware of their hypertensive status. Of those who were aware of their hypertensive status, 69.5% (98/141) were on treatment for their hypertension. Of those who were hypertensive and on treatment, 43.9% (43/98) had their BP under control at the time of examination. After adjusting for other statistically significant sociodemographic factors (for example, age), we found that both individual measures of SES and area measures of SES (rental vs. owner-occupied public housing) were independently associated with hypertension prevalence, awareness, treatment and control, as well as going for regular hypertension screening and monitoring. Staying in a lower-SES community (rental flat; adjusted OR¼0.52, CI¼0.33-0.82, Po0.005) and needing social help (adjusted OR¼0.35, CI¼0.15-0.83, Po0.017) was associated with lower prevalence of hypertension, whereas being employed was associated with increased prevalence of hypertension (adjusted OR¼1.59, CI¼1.09-2.30, Po0.005). While awareness of hypertension was lower in the lower-SES community (adjusted OR¼0.25, CI¼0.12-0.45, Po0.001), those on financial aid had higher awareness of hypertension (adjusted OR¼2.07, CI¼1.09-3.93, P¼0.026). Treatment (adjusted OR¼0.23, CI¼0.10-0.56, Po0.001) and control of hypertension (adjusted OR¼0.37, CI¼0.22-0.65, Po0.001), as well as regular screening for hypertension among unknown hypertensives (adjusted OR¼0.49, CI¼0.29-0.81, Po0.005) and monitoring of BP among known hypertensives (adjusted OR¼0.09, CI¼0.05-0.18, Po0.001) were all poorer in the lower-SES community compared with those staying in the higher-SES community. Similarly, estimates for treatment, control, regular screening and regular monitoring were poorer among those with lower individual SES: treatment (adjusted OR¼0.40, CI¼0.18-0.88, P¼0.024) and regular hypertension screening (adjusted OR¼0.30, CI¼0.18-0.50, Po0.001) was poorer among the unemployed; whereas control (adjusted OR¼0.53, CI¼0.29-0.95, P¼0.032) and monitoring of BP (adjusted OR¼0.51, CI¼0.27-0.96, P¼0.035) were poorer among those needing financial aid ( Table 3) .
As area-level indicators of SES (rental vs. owner-occupied) was the most consistent indicator associated with various components of hypertension management, we focused on the segment of our population staying within rental flats to investigate the sociodemographic factors associated with better management of hypertension. Within the rental flat community, the factors associated on univariate analysis with awareness, treatment and control of hypertension, as well as regular BP screening and monitoring, are listed in Table 4 . After multivariate analysis, the independent factors associated in the The qualitative reasons for not going on hypertensive treatment or participating in regular hypertension screening/monitoring, for patients in both the lower-and higher-SES communities are detailed in Table 5 . In the rental flat community, among unknown hypertensives who did not go for regular BP screening in the past 1 year (n¼141), the top three reasons for non-adherence to regular BP screening were as follows: 'too busy to go/no time' , 'testing too expensive' and 'cost of further treatment, if positive, too expensive' . Although a lack of time was also the top reason cited among those staying in owner-occupied public housing, cost of screening and further treatment was not an issue. Among known hypertensives from the rental flat community who were not monitoring their BP regularly (n¼64), the top three reasons were similar: 'too busy to go/no time' , 'monitoring too expensive' and 'cost of further treatment, if positive, too expensive' . These issues were also faced by the community staying in owner-occupied housing, with the exception of the cost of further treatment. With regard to treatment, the reasons for not taking BP medications X90% of the time among known hypertensives in the rental flat community (n¼43) were as follows: 30.2% (13/43) did not think that the medicine would benefit them, 25.6% (22/43) had problems with the cost of chronic medication and 11.6% (5/43) preferred to take non-Western medication. These reasons were not shared by known hypertensives staying in owner-occupied housing.
DISCUSSION
The prevalence of hypertension in this low-SES community is high. Within the subset of the study population staying in public rental flats (lower-SES community), the absolute prevalence of hypertension was 63.5%; it was 48.5% in the 40-49 age bracket, before rising to 62.7% and 69.2% in the 50-59 and 60-69 age brackets, respectively. Comparing against the 2004 National Health Survey, 35 which reported figures of 21.9, 36.2 and 56.1% in the same respective age brackets, the prevalence of hypertension was higher in this low-income community compared with the general population, similar to the results of other studies. 5, 9, 20 The awareness, treatment and control of hypertension were far from ideal among those with lower-SES and those staying in a low SES area, Crude OR (95% CI)
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Crude OR (95% CI) whether compared against their better-off neighbors or against national averages as a whole. While individual indicators of SES were also associated with awareness, treatment and control of hypertension, area-level indicator of SES (rental flats vs. owner-occupied public housing) was the most consistent socioeconomic indicator associated with hypertension awareness, treatment and control. In our study, awareness, treatment and control of hypertension stood at 61.8%, 69.5% and 43.9%, respectively, in the rental flat community; which was poor compared with those in the higher-SES community (owner-occupied public housing). About 38% of hypertensives in the rental flat were previously undiagnosed, probably because of the low uptake of screening for hypertension in this community (64.7% did not go for yearly BP checks, as opposed to the national average of 36.1% 36 and 47.8% in the higher-SES community). The link between poor health screening take-up and lower SES is well established. 37 Cost and inconvenience were the top barriers cited for not participating in regular hypertension screening in the lower-SES community, as compared with their neighbors in the higher-SES community, where cost issues were not important. Family support appears to be important in encouraging BP monitoring/screening, as evidenced by the increased take-up of BP screening/monitoring among married individuals.
More can be done to improve awareness, detection and subsequent treatment of BP in hypertensives picked up on screening, among those of lower SES. With regard to hypertension treatment, the issue was not just cost alone; lack of belief in the efficacy of anti-hypertensives and preferences for non-Western medicine were also important reasons for not complying with drug treatment. Clearly, patient education is as important as cost reduction in encouraging more hypertensives in the lower-SES community to start on pharmacological treatment. Treatment was better in the elderly, consistent with results of other Asian studies. 38 Significantly, in the low-SES community, improved finances were associated with increased treatment, but employment was associated with poorer control. This was surprising, as other studies in the general Singaporean population show that employment and higher financial status were generally associated with better hypertension control. 24, 39 While financial status affects the ability of hypertensives in this low-income community to afford medical treatment for hypertension, it is possible that because the majority of jobs available to this low-income community involve long hours, physical work, 40 shift work 41 and high stress 42 (all of which have been shown in the literature to be associated with increased risk of cardiovascular disease and higher BP), employment has a negative impact on their control of hypertension. Better control needs to be encouraged among the segment of this community who are currently employed.
The limitations of our study are as follows. Our definition of treated hypertension incorporated elements of both prescription of pharmacological treatment as well as medication compliance; it would have been more informative if these two components had been captured separately. Our measures of area SES only used home ownership status as an indicator, which is important in the Singaporean context given high home ownership rates and has been used elsewhere, 18 but may not be directly comparable with studies in other countries. Furthermore, although other studies have used single measures of area SES (for example, per capita gross domestic product in area of residence, 17 percentage of residents living below the poverty level, 22 poorer cities 43 ), other studies used a combination of measures, 18, 19, 23 which might offer a more nuanced perspective. However, the information needed to construct such indices of neighborhood poverty was lacking in our population due to a paucity of studies on individual vs. area SES in Asian societies. Also, we compared estimates of awareness, treatment and control in this low-income population with those of their better-off neighbors staying in the same geographical location, which might not be fully representative of national demographic patterns as a whole. However, we note that socioeconomic indicators in the population staying in owner-occupied public housing were in some measures poorer than national averages (for example, only 29.9% had a mean household income of XUSD 1000, as opposed to the national average of USD 3200 per month). As such, our results may be underestimates of the differences with regard to hypertension management between this low-income stratum of society and the more affluent general population. Furthermore, this was a single-site study, and hence the results might not be fully generalizable to the whole of the Singaporean rental flat population. Rental flat applicants, however, are non-systematically allocated to available flats within four geographical zones covering the whole island; 29 hence, it would be likely that the demographics would be largely similar across individual rental flat communities. Indeed, the demographics of our study population were similar to those of the rental flat population as a whole (for example, 70% of residents above 50 years of age). 28 Also, considering that it took a year of groundwork (in 2008) to build up trust with these residents to let us into their homes, it would be resource-intensive to replicate this in multiple sites. Studying this segment of the population has its own unique challenges, in which trust has to be slowly earned and is not automatically gained.
In conclusion, hypertension screening, awareness, treatment and control were poor among both individuals with low SES and individuals staying in a low-SES community. More needs to be done to improve the management of hypertension in lower-income and lower socioeconomic strata in urbanized societies, particularly in Asia. There are gaps at several levels; in particular, more needs to be done to assist this group in going for regular hypertension screening and complying with antihypertensive regimes. In this at-risk population, hypertension should not be managed in isolation but in tandem with other cardiovascular risk factors. Cost, inconvenience and misperceptions are all significant barriers that need to be addressed, both in encouraging better treatment and control of hypertension among known hypertensives and in targeting measures to prevent the development of hypertension (for example, through lifestyle modification) and encouraging early detection through regular screening. Hopefully, suitable interventions, targeted at the lower-socioeconomic strata of society, can overcome these barriers and go some way toward reducing health disparities.
